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A STUDY OF SOME DEMAL CEMKUTS.
I. Introduction.
The term dental cement covers several classes of cementing
materials used "by the dental profeBSion, of which the more permanent
cements are the copper, the oxychloride, the zinc oxyphosphate , and
the so-called silicate cements. All of these products reach the
dentist in the form of a powder and a liquid to he comhined, as
occasion may require, by a special process of manipulation.
The liquid used in the mining of the copper, the zinc
oxyphosphate , and the silicrte cements is generally a modified
solution of phosphoric acid. The powder of the copper cements con-
sists principally of either the black cupric, or the red cuprous,
oxide or the white iodate. The powder of the zinc oxyphosphate
cement consists principally of highly calcined zinc oxide, and the
powder of the silicate cement consists mainly of three essential
oxides CaO, AI2O3, and SiOg.
The Oxychlorides , now little used except for root fillings
are made by the mixing of magnesium or zinc oxide with a syrup
solution of magnesium or zinc chloride, free from acids.
The cements may be classified according to the following
table, which is a modification of that given by Foetschke.
1
Jour. Ind. Chem. Vol. 8, P 302-9, 1916.
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Powder Constituents liquid Cons ituents.
\ Principal fflodifiers-.
'
Principal 1 7,1— -3 J -p.S . v,Mod in ers
Si0 2 ZnO, P2 5 H 2
A1 2 3 BeO, F2 •fcL3't04
Silicate CaO MgO, B2 C3 H, Si4 4
Na2 0, K2 H PT2 7
£
ZnO Sn02 H£ ABU
MgO H3^°4
CuO A1 2 (0H) 6
Zinc
Cu2
Oxyphosphate
kW
SiOo
Zno Co 2 3
PnPTPn «
CuO Fe20g
ij _ p.-.
.
CugO MgO A1 2 (0H) 6
Copper
Bi £ 2
CuSiOg
CuHPo.
MgO iVlg V X *
Oxychlorjd ZnO ZnCl„
H2
Poetschke gives the following uses of vne vBriOuS cemeni/8.
"The silicates ere used for fillings in the anterior and
posterior teeth.
The zinc oxyphosphate is used for the cementation of caps,

crowns, bridges, inlays and facings, and is employee as a filling
in posterior teeth.
The Copper cemmts are used as a filling material in
posterior teeth vchere the thorough preparation of the cavity is
impracticable, for the treatment of the deep-seated caries in
children's teeth, and wherever increased germicidal action is re-
quired when the possibility of discoloration is unimportant .
"
"In order to determine the fitness of a dental cement due
consideration must be given to its various properties individually
and collectively."
He summarizes the physical, the physiological, and chemical
properties essential to all cements, in the following table.
J.. Permanent. 2. Temporary.
Thermal conductivity Time of set
Constancy of volume Heat generated.
Crushing strength Plasticity
Hardness 3. Physiological properties.
Tensile strength Germicidal property.
Iranslucency Toxic action on pulp
Permeability 4. Chemical properties.
Density Solubility
Hydraulicity Discoloration
Porosity
Adhesion
Color
"A silicate cement which does not possess the required
color and translueency would be lacking in the essential require-
ments of this type of cement. Likewise germicidal efficiency
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is essential in a copper cement"
II. Silicate Cement.
In trie present study an attempt has been made to contribute
something to the knowledge of the constitution and reactions of sili
cate cements or of some compounds which would seem to have an im-
portant function in them. The use of dental silicate cements is of
comparatively recent date and the information concerning the con-
stitution and chemical behavior is rather meager.
III. Historical.
"Thomas Fletcher, an Englishman, patented the first sili-
cate cement in the year 1879. It consisted of a pasty mass of alum-
inium phosphate in phosphoric acid, to be mixed ultimately with
hydrate of alumina, heavy oxide of zinc or magnesia, basic silicate
of zinc, or other materials with which it had the power of combining
The above mixture possessed the property of setting into an extreme-
ly hard mass sirailiar in appearance to unglazed porcelain. He
mentioned the fact that beryllium was a desirable ingredient, and
that zinc could be replaced by various silicates. The cement was
little used because it lacked translucency and possessed a high
porosity.
"
llotriing further was done until the Germans took up the
problem, seventeen years later. In 1899 silicate cements again
appeared upon the market, but they failed to fulfill the extrava-
gant claims of their promoters. In most cases there was excessive
shrinkage and heating during the tine of set, or a prohibitive
solubility after setting. Furthermore, many of the cements, after
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mixir.g, contained such large quantities of free acid, that the
pulpa was destroyed, often causing the patients death, lot until
1910, did a silicate cement appear which could survive the require-
ments of the dental profession.
At the present time there are about twelve so-called
silicate cements on the market but little is known relative to their
manufacture or to the ingredients present in the cements.
Ir. C. C. Voelker 2 states "the' powders of the various
silicate cements are all synthetic products, i.e. they are combina-
tions of chemical compounds such as the oxides, silicates and alumi-
nates of calcium, silicon, aluminium, beryllium and sodium."
He further states that - "Two cements having approximately
the same proportions of the same chemical elements may show widely
different proper Lies owing to the different manner in which the
compounds containing those elements are combined."
Chemical analysis fails to reveal the nature of the com-
pounds present. It has been suggested that a part of the silicate
powder consists of a complex silicate which is intimately mixed
with pure oxides or other simple compounds.
IV. Analysis of Commercial Cements.
The work, done so far on the analysis of cements, has been
carried on by use of the microscope for the detection of chemical
compounds, and by systematic chemical analysis for their ultimate
compos ition
.
An analysis^ of Harvard id published by a German Chemist
^lental Summary 1916 - Vol 36 - Page 181.
sPent al Summary 1916 - Vol 36 - Page 183.

in 1913 Shows:
Silica (SiO ? ) 40. 26 per cent.
Alumina (AlgOg) 50.62
Lime (CaO) 5.00
Magnesia (MgO) .51
Potassium and sodium oxides 1.08
Total 97.47
"The remaining two and one half per cent is probably
hygroscopic moisture. H
The analysis of the liquid for this cement is not given.
Analysis "by Dr. C. C. Voelker4
Powder number (1)
Silica (Si02 ) 36.91
Alumina (AlgOg) 33.69
Phosphorous pentoxide (PgOg) 4.00
' Calcium oxide (CaO) 7.26
Sodium oxide 15.88
TTater (hygroscopic) 2.26
Total 100.00
"The liquid for this cement proved to be a modified phos-
phoric acid solution, containing zinc and aluminium phosphates."
Powder Number (2)
Calcium oxide (CaO) 2.00
Silica (SiOg) 44.00
Alumina (AlgOg) 41.00
Sodium oxide (HagO) 13.00
Total 100.00
Tental Summary 1916 Vol. 36 Page 184.
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"The liquid rcas 8 solution of phosphoric acid containing
about ten per cent, hydrofluo - silicic acid. M
Analysis "by Watts 5
Ignition loss 2.00
Silica fSiOg) 37.00
Alumina (Alg03 ) 3 £.20
Lime (CaO) 7.50
Sodium oxide {Ka^O} 10.10
Phosphorous pentoxide (PgOg) 1.90
Flourine (Eg) 9.30
Total 100.00
liquid:
Solid Content - 41.50 per cent, which consisted of
NagO 6.00 per cent.
PgOg 35.50 per cent.
U. S. Patent 1,172,723
Boric acid or "borax is mixed with powdered washed "beryl
and sodium aluminium flouride, the mixture is saturated with pyro-
phosphoric acid, and formed into a thin pasty mixture with water
and heated to obtain a melt, which is cooled, powdered and subse-
quently prepared for use "by further addition of pyrophosphoric acid.
Dr's. W. and D. AschG give the following limits for sili-
cate cements:
CaO 6 to 12 per cent.
AlgOg 38 to 50 " "
Si 0£ 40 to 44
6
Trans.Am. Cer. Soc. 1915 Vol. 17 I 196.
Silicates in Chemistry and Commerce by Dr. W. As oh and Dr. D. Asch.
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"A German patent? granted in 1903, to Dr. Paul Steenback,
the originator of the silicate cement now known as Ascher's lew
Enamel, is as follows: The precipitate obtained by adding sodium
silicete to a solution of basic beryllium nitrate is allowed to
remain ir water a certain length of time and is then filtered,
washed carefully, dried ar.d heated to low redness. The preparation
thus obtained (the emperical formula of which is 3Be0.Si0g) is very
finely ground and is used as thus prepared, or if greater hardness
is desired, it is intimately mixed with some powdered glass or
alumina
.
This powder is carefully mixed with fifty-two per cent,
phosphoric acid in which aluminium phosphate is dissolved nearly to
the point of saturation and to which liquid a slight amount of zinc
phosphate is adoed."
Dr. Voelker® states that "All the other silicate cements,
so far as my observations extend, seem to be but modifications of
this process, with the substitution of alumina and fluorides for thd
beryllium compound in the powders, and the modification of the
liquids in various forms.*
V. Chemical Reactions.
E. T. Dreschfield 9 suggests the following formula for
Ascher's cement after setting:
12CaSi03 t 14BeSi03 + 13Al 2 (Po4 ) 2 + x.Si0 2 4- x.H2
and for Harvard id's cement
6CaSiOs - 4BeSi03 h 13Al2 (Po4 ) 2 /x.Si02 tx.H2
7Dental Summary 1916 Vol. 36 P. 182.
^Dental Summary 1916 Vol. 36 P. 182.
^British Dental Journal 1907 Page 1061.
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Pr's. f. and 5. Asch^ investigated the theories of harden-
ing proposed "by such men es Jun^;, i^orgensterr , Kulka, Schreiber,
Rawitzer, and Apfelstadt, finding many of the theories faulty. That
of Apfelstadt' s however, they consider somewhat noteworthy. His
theory is - "that the powder, which consists of clay and alumina, is
cemented together by the precipitation of Aluminium phosphate
Alg (104)2 ^hen phosphoric acid is added.
Their own theory of hardening, which is "based on their
Eexite-Pentite thoery, may he summarized - That, if the powder con-
sists cf a single compound, a calcium-alumnosilicat e , the presence
of the acid causes rapid hydration with a subsequent replacement of
the water by the acid radical.
VI. Basis of Study.
The prominence of the oxides CaO, AlgOg and SiOg in the
various cement analyses renders the possible compounds of these
oxides of interest. The various binary and ternary compounds in
this system and their fields of stability are shown in the diagrams,
developed by Fankin and Wright.H Several of these compounds are of
especial interest since they possess hydraulic properties, suggest-
ing the possibility that they may play a part in the reaction of the
dental cements.
Of the Calcium silicates, two, which are prominent in
Portland cement are capable of hydrating and setting. The tri-
calcium silicate begins to hydrate within twenty-four hours after
the addition of water and at the end of seven days the hydration is
^Silicates of Chemistry and Commerce. Ir's W. and I). Asch.
^American Journal of Science, 1915, Page (1-79)
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complete, having formed amorphous 2CaO.SiO2.xH2O and crystals of
CafOHlg.
The p form of the ortho-calcium silicate, hydrates more
slowly, hydration beginning about seven days after the addition of
water and proceeds thru a period of twenty-eight days or more form-
ing amorphous ECaO.SiOg.xHgjO. The slow hydration of this compound
accounts for the gradual increasing strength of Portland cement.
Of the calcium aluminates three are found in Portland
cement, SCaO.AlgO^, SCaO.SAlgOg, and CaO.AlgO^, all of which hydrate *
to form crystals of SCaO.Al2O3.rE2O and, in case of the second and
third, Amorphous hydrated AlgOg. The aluminates begin to hydrate
immediately after water is added, and at the end of seven days are
completely hydrated at which time they begin to crystallize causing
a retrogression in strength. The retrogression, however, is notic-
able only in cements high in aluminates.
Besides the compounds possessing hydraulic properties, the
remaining binary compounds, CaO.SiOg and the J form of 2Cap.Si0g
along with the ternary compounds, CaO.AlgOg. £SiOg
,
2CaO.Al2O3.SiO2
and 3CaO. Al20^ . Si02 are of interest when it is assumed that the
presence of acid either aids in hydration or causes replacement. If
the acid aids in hydration, some of the above mentioned compounds,
which do net hydrate in water alone, may be caused to perform im-
portant functions in dental cements. If, on the other hand, acid
causes replacement, compounds similiar in nature to the natural
phosphates might be expected to form.
If the field ( 6-12* CaO, 38-50ft AlgOj*, 40-44% SiC<fJ
suggested by Dr's. V/. and D. Asch he considered at equilibrium in
the ternary system, the compounds present would be Ca0.Al ? 0.r.2£i0p ,
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Al c 0«7. SiOo and AlcO* or SiOr,. If, however, equilibrium can not "be
assured, the compounds found in the adjoining fields might also he
present
.
The synthetic mineral morthite, CaO.AlgO^.SSiOg is of
further interest when it is compared with the mineral beryl (3BeO.
Al2C3.6SiO£) which is used extensively in the manufacture of dental
j
cements. Beryllium and calcium appear in the same periodic group of
elements, consequently it might be supposed that the reaction betweei
phosphoric acid and the two minerals would be similiar. The synthe-
tic anorthite, as shown by Rankin and bright, has properties
similiar to the natural mineral anorthite.
VII. Requirements of a Dental Silicate Cement.
The silicate cements are now being used to replace gold
fillings and porcelain inlays in the anterior teeth. They must
therefore possess the proper color and translucency . They must be
sufficiently slow in setting to allow the dentist time to mix the
cement and place it in the cavity, yet they must harden rapidly so
that the patient will not be required to remain in the dentist's
chair a prohibitive length of time. Excessive heat should not be
developed during the setting. Shrinkage must be avoided both at the
time of setting and subsequently. The cements must resist the sol-
vent action of the fluids of the mouth, be poor conductors of heat,
be non-porous, possess high crushing strength, and there shall not
be an excess of free acid after mixing.
VIII. Outline of Work.
Since the various compounds of CaO, AIg c
3
and Si02 are °^
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interest it was thought desirable to determine, if possible, the
physical property of some compounds individually, and then in syn-
ethetic mixtures.
To obtain the binary mixtures, whiting, aluminium hydrox-
ide and ground quarts were used. The mixtures corresponding to the
composition of the ternary compounds were made up, first, of whiting
aluminium hydroxide and ground quartz, and second, of whiting and
clay. The first process would seem desirable because the raw
materials can be obtained in a high degree of purity, while in the
latter, iron, which gives an objectionable color, is present in
most clays. The clay, however, gives improved working qualities to
the mixture.
IX. Powders.
The powders were prepared by mixing the rsw materials in
a ball mill for one hour, formed into a pasty mass with distilled
water, molded into small briguettes, dried, burned and then ground.
Powder Empirical formula' Haw Materials 'Possible ultimate
Eo. compounds
1. 3CaO.Si0 2 CaCog
,
Si0 2 3CaO.Si02
2 CaO.Al2 3 CaCo5 , Al2 (OH)
g
CaO. A12 3
3 3CaO.Al 2 3 CaCog A12 (0H) 6 3CaO.Al 2 3
4 CaO CaCo 3 CaO
5 A1 2 3 Alg(OH) 6
6 5Ca0.3Al 2 3 CaCos, AlgOH6 5Ca0.3Al203
7 3Ca0.5Al 2 3 CaCo3 , A12 (0H) 6 3Ca0.5Al2 3
8 2CaO.Si02 CaCo3 , Si0 2 2CaO. Si02
9 CaO.Si02 CaCo 3 * Si02 CaO.Si02
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Powder Empirical formula' Raw Materials 'Possible ultimate
No. compounds.
10 CaO.Al£03 .2SiC£ CaCo^, Al£(0H) 6 , SiOg CaO. AI2O3. 2SiO£
11 2CaO.AlgO3.SiOp CaCo3 , Al2 (0H)g t Si02 2CaO.AlgO3.SiO2
(Ca0.Al2 3 .2Si02
12 CaO.£(Al203.£Si0 2 )CaCo3, A12 (0H) 6 , Si02 (Al 203.Si02
fAl2 3
13 CaO.2fAl2O3.SiO2) CaC03, A1 2 0E6» Si02 (CaO. Al 2 03. 2Si02
(A12P3
14 CaO.AlgOg.SSiOg CaC03, H.C. Kaolin CaO. AI2O3. 2S102
(CaO. Al203.2Si02
16 Ca0.2(Al203.2SiO£ )CaCo3, JJ.C. Kaolin (AlgOg.SiOg
(Al203
|Ca0. Al203.2Si02
23 Ca0.2(Al203.2Si02)CaCo3, Eng. China Clay (Al?03.Si0g
(AI2O3
Si02 40$
A12 3 45$ (CaC03, SiOg, (Al20H)6
30 B2O3 5$ (Borax, Boric acid
(
Ea2 1% ( (no water)
CaO 9fo
I. Calcining Powders
Fith the exception of the hatches hereafter mentioned, the
dried briquettes were calcined in covered fire clay sagges in an
open fired gas kiln. The temperature of the kiln was measured by
means of a platinium rhodium thermocouple and a Siemens Halske
galvanometer. The maximum temperature of calcination was main-
tained, at each burn, for a period of fourteen hours.
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For the highly "basic "batches (ponders 1 to 8 inclusive )
,
and where temperatures higher than 1350°C were desired, the "bri-
quettes were set, exposed to the flames on a magnesite brick, in a
small gas fired pot furnace. Since the temperature of this furnace
could not he measured, the degree of burning will be specified as
?:ell as possible by the terms sintered or glassy.
Batches 9, 10 and 30 were calcined ir fire clay crucibles,
Ko. 9 being brought to a complete melt, Eo. 30 to a partial melt
throughout, glassy in appearance, and Fo. 10 to a sintered stage
where the ingredients at the sides of the crucible began to melt.
The fused portion of the latter batch was rejected.
21. Grinding.
After calcination, the batches which had been brought to
a glassy or well sintered mass, as well as all the clay mixtures
were reheated to a bright red heat and quenched in water to facili-
tate more rapid grinding. The drying of the quenched mass was done,
either in an oven at 3-00°C, or in a sagger above the pot furnace
which had been used for the reheating. The temperature of drying in
the latter case reached possibly above 200°C, and the difference
between the drying temperatures may account for some variations in
the results shown later. After drying for one hour, the batches
were placed in ball mills and ground to pass through a 150 mesh,
with the exception of batch 20 which was screened through a £00
mesh sieve. At the time of grinding, it was rot iced that the clay
mixtures, which had been dried at }00°C , stuck to the pebbles and
ball mill, indicating the presence of moisture, while those which
had been dried at the higher temperature showed only a. slight ten-
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dency toward sticking. On the other hard, the hatches which had
been "brought to a well sir.tered or glassy mass showed no tendency
to retain or absorb sufficient moisture during the grinding to cause
the powder to adhere to the pebbles or ball mill.
The remaining powders, which had been made from whiting,
aluminium hydroxide and quartz were ground to pass a 150 mesh sieve.
They were ground in a hsnd motar without previously being quenched
in water. After screening, the powders were placed in tightly
stoppered bottles.
XII. Liquids.
The liquids used for this work were solutions of varied
concentrations of phosphoric acid and aluminium phosphate.
Solution Per cent. E3P04 Per cent. A^2^°4^2 Specific Gravity
Ho. by weight by weight
1 85 1.70
2 75 1.57
3 60 1.41
4 50 1.32
5 40 1.24
6 56.5 5.6 1.49
7 53.6 10.7 1.58
8 51.0 15.2 1.66
XIII. iiix i ng
.
In the process of mixing an attempt was made to follow the
metbods of the dental profession as nearly as possible. Sufficient
powder for one pellet was placed on one end of a glass mixing slab
and the liquid placed at the other end. The powder was incorporated
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iv.to the liquid, rather rapidly at first and then mere Blowly, and
well spatulated with ar agete spatula. The amount of powder used
for each mix was such a quantity as would bring the mix to a plastic
condition, i.e. (easily molded, hut too viscous to flow) within the
time allotted for mixing. The time for mixing was divided into two
|
periods, spatulation and molding. Two minutes were allowed for
spatulation, (this time being followed as closely as possible) and
one minute to place the cement into glass tubes previously coated
with a thin layer of paraffine. The cement was then placed under a
pressure of approximately thirty pounds per square inch, applied by
means of a weighted glass rod. (Fig. 1). The pressure was maintained
during the time the slab was being washed and the next mis being
made. (Arproximately five minutes). The test piece was then placed
ir a humidor at room temperature (average 21°C) where it was allowed
to remain until tested for crushing strength. Four pellets were made
fror; each powder with each of
the various liquids providing
"he working qualities of the
Cord
fixture would permit molding.
XIV Time of Set.
Weight
The time required for4
netting at room temperature
r:as determined by the use of
Gilmore needles The initial
set was considered at the stsg
9i hardening when the small
Figure I. edle (weight 1/4 pound,
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dismeter of point l/l£ inch) just failed to make an impression after
thirty seconds. A second set was measured by the heavier needle
(weight 1 pound, - diameter of point 1/24 inch) when it failed to
make an impression after thirty seconds. In "both cases, the time
required for setting is assumed to he from the time the first porti o:
of the powder is incorporated into the liquid until the time when
the needle fails to leave its mark. The pellets, -pon which the
time of set was determined were not placed under pressure.
XV. Crushing Strength.
The crushing strength of the various cements was deter-
mined on cylinderical pellets 0.30 inch in diameter and approximate-
ly 0.4 inch in length. After the pellets had remained in the
humidor twenty-four hours, two from each set were removed and the
comparative shrinkage was noted hy the ease with which the glass
tube could he withdrawn. The ends of the pellets were surfaced on
a small emery wheel and then cushioned with blotting paper during
the compression test which was accomplished hy the use of an Clsen
testing machine. The remaining pellets were left in the humidor
for twenty-eight days after which time their crushing strength was
determined.
XVI. Pesults.
The data of the laboratory work corducted during the
present study is tabulated as follows:
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Ivlix
IIo.
pwd.
IIo
.
Temp.
ox
calcine
,
H2
j
Sol.
IIo.
Time
T Ia 4'-
needle
of set.
T ak
m TT
needle
Crush, strength
0.3 in. diameter
K4 hours. 28 days.
He at at
setting.
I 4 1450 C All Inst antly Lluch
2 9 1050 Tt n tt
3 I2C0 I tt tt
4 r? 3 if ft
5 t» 5 tt ft
6 9 raelt I 2 no soroe
7 »» 3
i
2 no tt
8 ir 5 i rtJ. i I O u vntl v much
9 8 1050 all ft tt
10 1200 n ft TT
II I sintered Tt ft IT
IS 5 1450 TT no c et 15' no
13 II 1050 Tf inst antly nuch
14 1200 TT tt TT
15 12 1050 T» no s
t
et 15 no
16 1200 I n none tt
17 ft 3 tt . O f\ 630 tt
18 tt 5 tt 2 70 DoO tr
19 13 1050 ill Tf TT
20
•
1200 TT tt If
21 15 1050 ft Tf TT
22 3 1350 I TT Tf
S3 tt 2 ff tt
24 Tl 3 6' 113 630 700 some
25 r* 5 I — rauch
26 7 1350 I no set 15' no
27 3
t
7 14'
-
CI8 738 IT
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EQx
llo.
Pwd.
No.
Tenp.
of
calcine #
Sol.
Ho.
Time
1/4 #
needle
of set.
I #
needle
0.3 in.-
24 hours
tren^th
dimeter
28 days
Heat at
setting-
28 2 1050 I inst vntly much
29 m o& TT
' TT
30 Tt 3 3 T 4 l/2 500 610 some
51 TT 4 5' o » 4IG 722 Tt
32 1200 I inst mtly much
33 o<3 TT TT
34 »T 3 4 r 6' 857 736 no
55 T» <71 8* IG f 900 900 TT
36 2 glassy I no s 3t 15' 340 438 no
37 Tt 2 13 1 20' 370 710 .
38 »• 6' 8' 835 925 tt
39 n 4 3 f . 5 f 421 635 tt
40 i? 5 I' I' 70 l one
41 IT 6 C» 8 1/2' C57 73o no
42 IT 7 7 1/2 1 I0 T 836 1143 TT
43 tt 8 o » 20 1 740 1073 TT
44 14 1050 1.23 1 r.o set " 15' 438 1020 T»
45 N 12' 20' 820 1521 TT
4L tt 4» 5' 920 1120 TI
47 »» 4 2' 2 1 810 874 some
48 ti 5 4 1/2' 5' 360 920 no
49 »i 6 4 1/2' 6 1 625 1015 ti
50 it 7 5 T e 1 790 970
Tt
51 tt O 5' 10' 710 900 TI
52 1£CC 0.97 1 no seti !S 15* ZBC 960 It
11* 18' 600 1390 Tt
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His
No
Pwd
, :io
Temp.
Of
, fralelnc j
Sol
Ho
Tine
T / A JL1/ 4 r
.
needle
df set.
T 1If
needle
Crush.
D«3 in.
24 hours
strength
ii ineter
5 28 days
Heat at
setting
54 14 1200 O 7 3 4* 5' 708 790 no
55 4 2 ' 2' 563 654 some
56 5 5' 6' 450 845 no
57 6 4 1/2' 6' 745 900 ff
58 n 7 5' 8' 920 580 If
59 n 8 6' 11' 655 760 tt
60 16 1050 1.27 1 no set in 15' no 600 tf
61 2 13' 20' 330 1295 It
62 « 3 4 1/2' 5' 917 950 f»
63 ti 4 1 1/2' 2' 610 500
64 tt 5 4 T 5 1 515 620
65 ii 6 4 1/2' 5 1 880 980 t«
66 »» 7 5' 7' 535 1000 ft
67 « 8 6* 10' 565 1030 tl
68 1200 1.13 1 no set til 15' no 800 ff
69 ft 2 13' 20* 545 1013 T»
70 11 3 5' 6' 780 923 If
71 H 4 2' 2' 490 74e ff
72 If 5 4' 5* 370 425 no
73 it 6 4 1/2' 5' 540 671 it
74 It 7 5' 8 ' 538 1030 «
75 tt 8 6' 12' 440 1074 it
76 10 1050 all no set i n 15' M
77 1200 1 tt 183 490 11
78 ti 3 n 312 600 It
79 ii 5 it 290 510 1*
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lttx
No
Pwd.
No.
Tear,
of
calcine
HfiO
-f
3
301.
No.
Time
1/4 f
needle
of set.
I #
needle
Crush.
0.3 in.
24 hours
strength
diameter
28 days
Heat at
setting
80 10 si erecI 1 no set 15 i no no
81 ti 3 tt no tt
82 5 ft no tt
J
83 Tt 1.23 1 t» 135 Tt
84 ti 2 n 600 ft
85 f 3 ' 10' 18 1 718 some
86 4 6* 13' 513 tt
87 It 5 ins ;antly tt
88 30 glassy 1 no set in 15' no
89 tt 3 TI ti
90 tt 4 tt n
91 ti 5 It 180 it
92 3OA w 0.94 1 no set 15
93 tt 3 it none tt
94 4 6' 14 1 420 some
95 5 2' 4' 335 tt
96 30B M 2.46 1 no set: .n 15' none no
97 tl 2 ti 180 no
98 fl 3 10' 18 f 345 _ — — no
99 tt 4 3' 4' 540 ______ some
100 ft 5 instanl;ly ... it
101 23 1050 0.21 1 no set '15' no
102 it »i 2 tt 212 no
103 ti ft 3 13' 21' 630 _ f
104 n « 4 7' 9 f 516 »t
105 Tt 5 3' 4' 435 TT
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XVII. Discussion of Results.
Highly burned lime develops heat when mixed with phosphoric
acid solutions and sets too quickly to permit molding. The initial
set, however, is followed within a few minutes by retrogression in
strength, after which a permanent set develops. Apparently, free
lime would not be a desirable ingredient in dental cement powders.
Like the lime, the lime-silica and lime-alumina powders
burned at 1£00°C or below, as well as the highly burned powder
ZCaO.Sio£, set too rapidly to permit molding. Either free lime is
present in the mixtures, or the compounds formed at such temperatures
are dissociated readily or combine rapidly with the acid.
The powder CaO.Si.O2 (melt), when mixed with the more
highly concentrated acid solutions takes on a slow initial set,
shows retrogression in strength, with no final set at room temper-
ature within twenty-four hours. If, however, the mixture be heated
somewhat by holding betv.een the fingers, a permanent set is taken
with the development of considerable heat. The set material is
white in color but lacks translucency . The property of setting at
the higher temperature suggests that such a compound may be present
in dental cement powders, since the setting property of commercial
cements are considerably affected by changes of temperature as well
as atmospheric humidity.
Of the lime alumina powders, highly burned CaO.AlgOg
showed the best working qualities, setting slowly at room tempera-
ture without tie development of heat. At the time of setting there
was very little evidence of translucency, but at the end of twenty-
four hours it had developed to a fair degree. The crushing tests
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showed thst the maximum strergth h.sd developed within the first
twenty-four hours. This early development of maximum strength and
the translucent character of the hardened mixture would indicate
that the compound CaO.AlgO^ or other aluminates might be desirable
constituents in a cement powder.
Powders made from the three ingredients, whiting, alumin-
ium hydroxide and quartz failed to take on an initial set within
fifteen minutes, but at the end of twenty-four hours a slight
hardening was noted and the material increased in strength during
the next twenty-seven days. These mixtures were white and possessed
a fair degree of translucency , but their strength was much less
than the lime-alumina mixture.
The powders made of lime and clay showed good working
qualities, developer' no heat at the time of setting, and the cements
possessed high crushing strength. The translucency was fairly good,
but the color varied from a light brown with the concentrated acid
solutions to a cream color for the dilute solutions. The sub-
stitution of English China Clay for ?'orth Carolina kaolin improved
the color somewhat, although the solubility was not determined, the
difficulty encountered in washing the cement from the mixing slab
might suggest that the solubility would be low. The lime-clay mix-
ture has many properties which would seem to make it desirsble in
a cement powder.
The presence of moisture in the lime-clay powders and the
fact that many of the commercial cement analyses show a moisture
content led to the belief that it played an important part in the
setting. Moisture was incorporated with powder 10 (CaO. AlgOj. SSiOg
)
by wetting it, then heating, while in a closed ball mill, to about

_100°C and regrinding. The regrinding was done during the time the
mill and its charge were cooling, with the idea that the moisture
could thus he more intimately mixed with the powder. The resulting
mixture, which contained 1»£3% of water possessed the property of
setting with more dilute acid solutions. Ecwever, st the time of
spatulation some heat was developed, and the plastic cement consisted
of a granular mass showing that the ordinary process of manipulation
was no longer a satisfactory method of mixing. The development of
the setting property probably indicates that the incorporation of
moisture has broken down the original compounds with the formation
of others, some of which are more readily acted upon by the phos-
phoric acid.
To further study the effect that the incorporation of
moisture might have in developing the setting properties of a
highly burned mixture, a powder (No. 30) was made up, which possessed
a low fusion point with good translucency and color after setting.
This powder, which had been brought to a glassy melt, quenched in
water and ground to pass a 200 mesh sieve, was divided into three
portions. One portion was tested without any addition of water;
with the result that setting did not occur within fifteen minutes,
and at the end of twenty-four hours had developed to only a slight
degree. To the other portions water was added in two ways; first
by allowing the powder to stand in a saturated atmosphere at 20°C
(30A), and second by steaming the powder and then grinding, as
above described, (30B). Both powders, 30A and 30B showed character-
istics similiar to powder 10; in that the property of setting had
been developed, but as before the mixture consisted of a granular
mass. Where the moisture content was very low it was not determined
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accurately, but was assumed as a . ero percentage.
It would seem that the presence or absence of moisture in
cement powders might have an important bearing on its setting
qualities
.
The porosities of the various cements were rot determined,
except ir a comparative way by irk absorption. The absorption
was increased by the use of the more dilute acid solutions. The
cements made from the lime-clay powder appeared to have the least
absorption.
The shrinkage, although not accurately determined was found
to increase with decreasing acid concentration of the solutions.
With the highly concentrated solutions, the lime-clay cements
showed an expansion at the end of twenty-eight days, in some cases
breaking the glass tubes, while a slight shrinkage was noted with
the dilute solutions by the ease with which the pellets could be
removed from the tubes. Shrinkage, however, as described by Dr.
Ward,*is characteristic of most commercial cements. A commercial
cement mixed by a dentist and subjected to the same conditions as
the cements made in this laboratory showed a shrinkage which allowed
it to be removed from the glass tube with ease.
The time required for setting was found to decrease with the
use of the dilute solutions, except for the lime-clay cements
where a minimum time of setting was noted with the 50% acid solution
with an increase again for the 40% sol;: t ion. The presence aluminium
phosphate in the liquid tends to retard setting.
*Jour. of the lat. T ent. Association, Kov. 1915 P. 361.
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XVIII. Microscopic Study.
Through the courtesy of Mr. K. C. Arnold,* a microscopic
examination vcae made of some of the pov. ders as well as on a commer-
cial dental cement.
"The ponder of DeTrey's Synthetic Porcelain showed that it
consisted of a single constituent - isotropic, no evidence of
crystallization, angular fragments with a spotted appearance and a
slight pinkish tinge, and with an index ^1.50. After the powder was
mixed with the solution accompanying it and allowed to harden, it
showed complete transparency, no evidence of distinct crystalliza-
tion, indications of isotropic or glassy material, index ^1.50,
showed no "birefringence, possessed cellular structure and showed
r.hite color in reflected light.
The lime-clay powder (CaO.Al203.2Si02 ) , calcined at 1200°
for fourteen hours, showed no evidence of crystallization, crypto
crystalline, opaque white in reflected light with an index ^1.53
according to the Becke line method. The same powder after, being
mixed with, phosphoric acid and allowed to stand twenty-eight days
showed a non-homogeneous mixture consisting of aprroximat ely ifo of
a well crystallized material with the following properties: index ^
1.53, birefringence ahout .009, and optically positive. Most of the
remaining material was opaque white in reflected light, and some
possessed poorly developed centers of crystallization.
The lime-alumina powder (CaO. Al£0s , sintered ) showed distinct
crystallization, but not homogeneous extinction, with low birefrin-
gence, and an index « 1.64. After it had been mixed with phosphoric
*Instructor in Ceramic Engineering, U. of I.
>*
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acid and allowed to stand twenty-eight days in the humidor it showed
an opaque white material, some of which showed crystalline properti e
|
at the ed&es, and approximately 20$ of a well crystallized suhstancei
The crystals possessed properties similiar to those of the original
powder, they were optically negative, birefringence low, index 2
1.64, and biaxial."
It might seem that the set developed in the lime-alumina
powder was due to the formation of the white opaque material rather
tf-an to formation of the crystals because the properties of the
crystals are very similiar to the properties of the powder.
XIX. Summary.
Mixtures of the compositions, CaO.SiOg
;
and CaCUAlgO^ when
calcined at high temperatures hardens readily with phosphoric acid
solutions. The CaO.AlgO^ develops considerable strength.
Calcine mixtures of lime and clay showed better working
properties than the above mixtures, set well and developed excel-
lent strength. Ov/in/? to impurities in the materials the color
Was not rood, but possibly could be improved by the substitution
of other clays.
Increase in the acid concentration decreases the rate of
setting, gives less heat in setting and lowers the pprosity of
the hardened cement.
The addition of AlgG^.^to the solution retards setting.
The present of hydroscopic moisture in the powder seems
to have an important effect on the setting properties.
The experiment shows that calcium-alumi nates and lime-clay
mixtures have setting properties comparab?.e to those of commercial
dental cements.



